Staphylococcal enterotoxins (SEs) produced by Staphylococcus aureus are the most recognizable causative agents of emetic food poisoning in humans. New types of SEs and SE-like (SEl) toxins have been reported. Several epidemiological investigations have shown that the SEs and SEl genes, particularly, SEK, SEL, SEM, SEN and SEO genes, are frequently detected in strains isolated from patients with food poisoning. The purpose of the present study was to evaluate the emetic activity of recently identified SEs using a small emetic animal model, the house musk shrew. The emetic activity of these SEs in house musk shrews was evaluated by intraperitoneal administration and emetic responses, including the number of shrews that vomited, emetic frequency and latency of vomiting were documented. It was found that SEs induce emetic responses in these animals. This is the first time to demonstrate that SEK, SEL, SEM, SEN and SEO possess emetic activity in the house musk shrew.
Staphylococcal enterotoxins produced by Staphylococcus aureus are the most recognizable causative agents of food poisoning in humans worldwide (1) . In addition to causing staphylococcal food poisoning, SEs are also pyrogenic superantigens that stimulate massive proliferation of large populations of T cells and uncontrolled release of proinflammatory cytokines, inducing lifethreatening toxic shock syndrome as a consequence (2) . Five classical serological types of SEs (SEA to SEE) have been well characterized (1) and shown to exhibit both emetic and superantigenic activity. In the last two decades, new types of SEs and SE-like (SEl) toxins (SEG to SEI, SElJ, SEK to SET, SElU, SElV, SElX and SElY) have been reported (1) (2) (3) (4) (5) (6) (7) . Several epidemiological investigations have shown that recently identified SEs and SEls genes, particularly, SEK, SEL, SEM, SEN and SEO genes, are frequently detected in strains isolated from patients with food poisoning (8, 9) . Because some of these isolates do not harbor any classical SE genes, these findings imply that the recently described SEs and SEls are causative agents of food poisoning and play an important role in the pathogenicity of S. aureus (8, 10) . To shed some light on the pathogenicity of the recently identified SEs and/or SEls, we considered it important to clarify their emetic and superantigenic activities.
Our previous studies have demonstrated that the house musk shrew (Suncus murinus) has an emetic response to peroral and IP administration of SEs and is a suitable small animal model for studying emetic activity (11, 12) . The purpose of the present study was to investigate the emetic activity of recently identified SEs and compare them with those of SEA, the classic SE, as a standard. We firstly constructed and purified recombinant SEK, SEL, SEM, SEN and SEO and then investigated the emetic activity of these toxins by assessing vomiting responses in house musk shrew. We found that SEK, SEL, SEM, SEN and SEO induce emetic responses in house musk shrews.
MATERIALS AND METHODS

Preparation of SEs
Cloning and the preparation of recombinant SEK, SEL, SEM, SEN, and SEO are described elsewhere (13) . Briefly, se genes from S. aureus isolates were amplified by PCR and the PCR products digested with BamHI and EcoRI or SalI. se gene fragments were then cloned into pGEX6P-1, a GST gene fusion vector. Expression and purification of the recombinant GST fusion proteins and cleavage and removal of GST tags from the SE proteins were performed according to a method described previously (4, 13) . The resulting recombinant SEs have five additional amino acid residues, GPLGS, at the N terminus. Protein concentrations were determined by the Bradford-based method as modified by Bio-Rad Laboratories (Richmond, CA, USA), using BSA (Bio-Rad Laboratories) as a standard. Each of the recombinant protein bands was detected on SDS-PAGE.
Animals
Adult (2-to 8-month-old) house musk shrews (Suncus murinus; Jic:SUN-Her) were purchased from Clea Japan (Tokyo, Japan). The shrews were housed in plastic cages under regular light/dark conditions at the Institute for Animal Experimentation, Hirosaki University Graduate School of Medicine and kept at 22-25°C in a room lit for 12 hr from 8:00 a.m. to 8:00 p.m. The shrews were fed commercial Suncus murinus formula (Clea Japan) and provided water ad libitum. All animal experiments in this study were conducted in accordance with the specifications of the Animal Research Ethics Committee of Hirosaki University Graduate School of Medicine and followed the Guidelines for Animal Experimentation at Hirosaki University.
Emetic assay in house musk shrew
An emetic assay using house musk shrews was carried out according to a described previously method (11, 12) . Each shrew was placed in a separate cage, fed commercial Suncus murinus formula (Clea Japan) and provided water ad libitum. The shrews received an IP injection of purified SEs diluted in 200 mL of 0.01 M PBS and were then observed for emetic activity for 3 hr. The number of shrews that vomited, latency period, frequency of vomiting events and behavioral changes were monitored and recorded with a video camera. To minimize antibody production, no individual shrew was repeatedly injected with the same type of toxin. Throughout these experiments, each shrew was injected with only four different types of toxin.
Statistical analysis
Regression lines were drawn to assess the relationship between the number of vomiting events and latency period. The goodness of fit of the regression lines was evaluated using R 2 .
RESULTS
Expression and purification of recombinant SEs
Recombinant SEA, SEB, SEC, SED and SEE have been demonstrated to have almost the same emetic activity as natural toxins purified from S. aureus (13, 14) . In the present study, recombinant SEA, SEK, SEL, SEM, SEN and SEO were constructed and purified by using an Escherichia coli expression system. The purity and molecular size of the recombinant SEs were assessed by SDS-PAGE. Purified SEA, SEK, SEL, SEM, SEN and SEO were compared with native SEs on a Coomassie blue-stained SDS-PAGE gel and protein bands consistent with the location of the presumed molecular size of each SE were identified (Fig. 1) . Furthermore, to assess the superantigenic activity of the SEs, IFN-gamma production induced by SEK, SEL, SEM, SEN and SEO was quantitated. All SEs expressed in this study exhibited superantigenic activity in mouse splenocytes (Fig. S1 ).
SEs exhibit emetic activity in house musk shrews
The emetic activity of SEs was examined in house musk shrews. SEA induced an emetic response in 10/10 house musk shrews at a dose of 100 mg per animal within 64 to 182 min after IP administration (Table 1) . Emetic activity of all other SEs used in this study was observed within 18 to 146 min after IP administration. SEM, SEN and SEO induced emetic
Emetic activity of different SEs responses in two or three of six shrews at a dose of 100 mg per animal, whereas SEL induced an emetic response in three of six shrews at a dose of 500 mg per animal and SEK induced emesis in two of six shrews at a dose of 1,000 mg per animal. Thus, SEK and SEL required higher doses to induce emesis than did SEA and the other SEs used herein. In addition, all these SEs showed significantly shorter latency periods (68.6 AE 34.5 min) than the classic toxin, SEA (104.9 AE 31.7 min) (t-test, P < 0.05).
Lack of relationship between number of vomiting events induced by recently identified SEs and latency period
To clarify details of the vomiting response, the relationship between two indices, number of vomiting events and latency period, were analyzed by regression analysis of these variables (Fig. 2) . Analysis of all SEA-related data and that of recently identified SEs revealed no significant correlation between number of vomiting events and latency period (R 2 ¼ 0.01269) (Fig. 2a) . The relationship between number of vomiting events and latency period was then further analyzed using only data from SEA (Fig. 2b) . It was found that when the latency period prior to vomiting was short, there were many vomiting events, indicating that the two indices are related in SEA-induced emesis (R 2 ¼ 0.26498). However, when data from the recently identified SEs, overall or separately, were subjected to regression analysis, no significant correlation between number of vomiting events and latency period was found (R 2 ¼ 0.00082) (Fig. 2c ).
DISCUSSION
Our previous study reported the emetic activity of SElK, SElL, SElM, SElN and SElO in cynomolgus monkeys and re-named these toxins SEK, SEL, SEM, SEN and SEO, respectively (13) . Although the monkey feeding assay is the gold standard for assessing human food poisoning induced by SEs, the use of monkeys to investigate the mechanisms of SE-related emesis is severely restricted by the high cost, availability of the animals, and ethical considerations. In the present study, we examined the emetic activity of the recently identified SEs, SEK, SEL, SEM, SEN and SEO in a small animal emetic model, the house musk shrew. We found, for the first time, that all of the recently identified SEs induce emetic responses in house musk shrews and that these SEs have weaker emetic activity than SEA. The emetic activities of SEM, SEN and SEO are comparable to that of SEG, which has been reported previously (12) . The emetic activity of SEK is comparable to that of SEC2, SEH and SET, all of which require high doses (1000 mg per animal) to induce emetic responses in house musk shrews (4, 12) . The family of SEs can be phylogenetically classified into three groups according to their amino acid sequences or nucleic acid sequences: the SEA group (SEA, SED, SEE, SElJ, SEH, SEN, SEO, SEP and SES), the SEB group (SEB, SECs, SEG, SER and SElU), and the SEI group (SEI, SEK, SEL, SEM, SEQ and SElV) (5) . We have previously shown that low doses of SEA and SEI are sufficient to evoke emetic responses in house musk shrews (12) . In the present study, we found that SEN and SEO, which belong to the SEA group, exhibit weaker emetic activity than SEA. Furthermore, SEK, SEL and SEM, which belong to the SEI group, required significantly higher doses than SEA for eliciting emetic responses (12) . These results suggest there is no definite correlation between molecular similarity and emetic activity in the house musk shrew. In our previous study using cynomolgus monkeys, we found that the classical SEs induce stronger emetic responses than the recently identified SEs and identified a relationship between number of vomiting events and latency period (13) . However, in our present study we did not find a statistically significant difference between SEA and other SEs in the number of vomiting events induced in house musk shrews (Table 1 ). In addition, we found that only for SEA, and not for the recently identified SEs, was there a significant relationship between latency period and number of vomiting events in house musk shrews (Fig. 2) . These results suggest that the susceptibility and behavioral responses of these shrews differ between different types of SEs, especially the SEs tested in this study. Nevertheless, all the tested SEs did evoke emesis in house musk shrews, indicating that they provide a useful animal model for assessing the emetic activity of new SEs. Further clarification of the relationships between molecular structure, superantigenic activity and emetic activity in this small emetic animal model could improve understanding of the mechanism(s) of SE-induced food poisoning. Table 1 .
SUPPORTING INFORMATION
Additional supporting information may be found in the online version of this article at the publisher's web-site. Fig. S1 . Superantigenic activity of SEs in mouse splenocytes. IFN-g production in mouse spleen cells stimulated by SEs was measured to assess superantigenic activity. Recombinant SEK, SEL, SEM, SEN, SEO and SEA (as a control toxin) were treated with a ProteoSpin Endotoxin Removal Maxi kit (Norgen Biotek, Thorold, Ontario, Canada). Spleen cells isolated from C57BL/6 mice were stimulated with 0.01 to 10 mg/mL of purified SEA, SEK, SEL, SEM, SEN and SEO and the cells cultured at 37°C in a humidified 5% CO 2 atmosphere for 72 hr. The supernatant from the cell cultures was harvested and production of mouse IFN-a determined by sandwich ELISA. Each bar represents the mean AE SD of triplicate samples from a representative experiment. These data were reproducible in the three experiments.
